Background: In patients with hilar cholangiocarcinoma, ipsilateral en bloc hepatic resection improves
Introduction
There have been several studies advocating ipsilateral en bloc partial hepatectomy in the treatment of hilar cholangiocarcinoma to increase the rate of negative histologic margins and improve survival. [1] [2] [3] [4] [5] [6] [7] [8] [9] However, extended liver resection in this setting is associated with significant risk for postoperative hepatic insufficiency and other complications. Most retrospective large series reveal mortality rates of 0-20% and morbidity rates of 14-67%. 2, 5, 6, 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] In an attempt to improve perioperative outcome, many centres have advocated extensive preoperative biliary drainage and ipsilateral portal vein embolization (PVE) (embolization of the hemi-liver to be resected) in order to improve the function of the future liver remnant (FLR).
The role of preoperative biliary drainage prior to liver resection for hilar cholangiocarcinoma has been debated for many years. Recent review articles in HPB have offered conflicting views supporting routine biliary drainage 20 and selective preoperative biliary drainage. 21 However, there are no prospective randomized studies analysing the utility of preoperative biliary drainage prior to extended liver resection for hilar cholangiocarcinoma. Indeed, all the studies that show no benefit to preoperative biliary drainage have primarily involved patients undergoing biliary drainage for periampullary malignancy without concomitant liver resection. [22] [23] [24] [25] [26] In the management of hilar cholangiocarcinoma, many Asian centres have advocated routine extensive biliary drainage prior to operation. 3, 6, 17, 20, 27 This approach appears to have been primarily based on experimental studies showing the deleterious immunologic effects of cholestatic jaundice and increased susceptibility to endotoxaemia that are partially reversed after biliary drainage procedures. 28, 29 Recent clinical studies from several Japanese centres have shown generally low mortality rates when utilizing a strategy of preoperative biliary drainage, PVE (for right-sided and extended left-sided resections) and major hepatobiliary resection. 3, 8 However, many Western centres have been more selective in their utilization of biliary drainage. The rationale against routine drainage has involved the increased risk for infectious complications with endoscopic or percutaneous drainage catheters and the risk for tumour seeding associated with percutaneous biliary drainage. 30, 31 A retrospective case comparison by Cherqui et al. revealed no differences in mortality or recovery of hepatic synthetic function between patients who did or did not undergo preoperative biliary drainage. 32 A recent review article by the same group has advocated selective utilization of preoperative biliary drainage only in patients with cholangitis, longstanding jaundice, poor nutrition and a liver remnant volume of <40% of total volume. 21 The purpose of this study was to evaluate the impact of preoperative biliary drainage, stratified by FLR volume, on postoperative hepatic dysfunction and mortality in patients undergoing major liver resection for proximal biliary cancer. Given that many patients with hilar cholangiocarcinoma have hypertrophy of the FLR, which is primarily caused by ipsilateral portal vein involvement and is likely to be protective against postoperative liver failure, our goal was to determine if biliary drainage could be targeted at the subgroup of patients with no hypertrophy of the FLR.
Materials and methods
From a prospective database, we identified all patients with a pathologic diagnosis of hilar cholangiocarcinoma who underwent en bloc partial hepatectomy as part of their treatment at Memorial Sloan Kettering Cancer Center (MSKCC) during 1991-2007. We then reviewed all preoperative imaging studies available to determine which patients had preoperative computed tomography (CT) or magnetic resonance imaging (MRI) scans that were sufficient for volumetric analysis. Patients with imaging prior to 1997 and those who presented with scans from other institutions were excluded as these images were not suitable for calculation of FLR volume. The current study therefore includes 60 patients with hilar cholangiocarcinoma who underwent liver resection and for whom preoperative imaging was adequate for volumetric analysis. Some of these patients have been included in previous studies from this institution. 1, 11 All imaging data (helical CT or MRI) were transferred to an independent workstation for assessment. Retrospectively, total liver volume and the volume of liver resected were calculated as previously described. 33 Total liver volume and volume of resection were determined by semi-automated contouring of the liver on preoperative CT or MRI scans. This was performed on serial transverse scans at either 0.25-cm or 0.5-cm intervals, including the entire liver. On each slice the total liver was outlined and the sum of the slices calculated by integrated software techniques using the density threshold. This was repeated for the volume of the liver to be resected (based on the actual resection that had been performed). The difference between total liver volume and resected volume was the volume of liver remaining, or the FLR. The FLR was determined for each patient.
All patients in this study underwent ipsilateral en bloc partial hepatectomy for a potentially curative resection utilizing a standardized approach, as previously described. 1, 11, 34, 35 Full exploration was performed to exclude any evidence of metastatic disease. Exposure of the biliary confluence and assessment for vascular involvement were accomplished by early transection of the common bile duct at the level of the duodenum with reflection superiorly. En bloc partial hepatectomy was performed in the entire extrahepatic biliary system (supraduodenal bile duct and gall bladder) and included a subhilar lymphadenectomy (clearance of all lymph nodes within the hepatoduodenal ligament to the level of the common hepatic artery). Caudate lobectomy was performed routinely for tumours involving the left hepatic duct and in any patient in whom it was considered necessary to achieve complete tumour clearance. Histologic assessment of resection margins was performed intraoperatively and additional tissue was resected, if feasible, when residual microscopic disease was suspected on frozen-section histology. Resection and reconstruction of major vascular structures were performed when necessary to achieve tumour clearance for disease that was otherwise resectable. Roux-en-Y biliary-enteric reconstruction was performed to a segment of jejunum approximately 70 cm in length.
Patient demographic, operative and perioperative data were recorded and analysed ( Table 1 ). The hepatic resections performed included right or left hepatectomy or extended right or extended left hepatectomy. Other operative variables analysed were need for portal vein resection with reconstruction and need for concomitant pancreaticoduodenectomy. Preoperative imaging was reviewed to determine whether the patient had evidence of lobar atrophy of the involved lobe with hypertrophy of the remnant liver. Hepatic lobar atrophy was considered to be present if cross-sectional imaging demonstrated a small, often hypoperfused lobe, with crowding of dilated intrahepatic ducts, as previously described.
1 Specific attention was paid to preoperative biliary drainage and the data analysed included the method of drainage (endoscopic, percutaneous or operative), the portion of liver drained, and the preoperative serum bilirubin level. In addition, post-drain placement scans were reviewed in detail by the study radiologist (LS) to determine the efficacy of the procedure. In the event of preoperative biliary drainage, persistent dilatation of the intrahepatic bile ducts in the FLR was taken as evidence of inadequate decompression.
Postoperative complications were recorded and graded on a scale of 0 (no complications) to 5 (perioperative mortality), as previously described. 36 Postoperative hepatic insufficiency was defined by a rise in bilirubin >5 mg/dl that persisted for >5 days postoperatively. Operative mortality was defined as death during the index hospitalization or within 90 days of surgery. Patients were stratified into two groups according to whether FLR volume was <30% or Ն30% of total liver volume. Statistical calculations were performed using spss Version 17 (SPSS, Inc., Chicago, IL, USA). Continuous variables were compared using Student's t-test (two-tailed) and categorical variables with chi-squared test. Logistic regression was used to determine independent predictors of outcome, using death and hepatic dysfunction as the dependent variable. P-values < 0.05 were considered significant. Numeric data are presented as median values and/or mean values Ϯ one standard deviation.
Results

Demographics and operative results
From January 1991 until October 2007, 106 patients underwent hepatic resection for treatment of hilar cholangiocarcinoma at MSKCC. For 60 (57%) of these patients, cross-sectional imaging studies from which volumetric analysis could be performed were available. Patients included 19 women (32%) and 41 men (68%), with a mean age of 64 Ϯ 11.6 years (median 65 years, range 35-87 years). A total of 82% (49/60) of the patients underwent a preoperative biliary drainage procedure. Only one patient underwent PVE prior to resection. The mean preoperative bilirubin level was 3.9 Ϯ 5.6 mg/dl (median 1.8 mg/dl, range 0.3-22.7 mg/dl).
Resectional procedures consisted of excision of the extrahepatic biliary tree, subhilar lymphadenectomy and en bloc partial hepatectomy in all patients. The hepatic resections performed were as follows: extended right hepatectomy (n = 30); right hepatectomy (n = 6); extended left hepatectomy (n = 5), and left hepatectomy (n = 19). En bloc caudate resection was performed in 29 patients (48.3%). The caudate resections were performed routinely in all cases of left and extended left hepatectomies. In addition, five patients submitting to extended right hepatectomy underwent concomitant caudate resection. Other procedures performed included portal vein resection with reconstruction in five patients and concomitant pancreaticoduodenectomy in one patient.
Mean hospital length of stay was 14.3 Ϯ 9.8 days from the date of resection. Major complications (grade 3 or higher, including perioperative deaths) occurred in 32 patients (53%). Hepatic insufficiency (defined as an increase in postoperative bilirubin level >5 mg/dl that persisted for >5 days) was seen in five patients (8%). The overall mortality rate was 10% (six patients).
Volumetric analysis
Of the 60 imaging studies with which volumetric analysis was performed, 31 (52%) comprised MRI examinations and the remaining 29 (48%) consisted of CT scans. The median percentage of liver remaining (FLR) for all patients was 34.8%. Twentyone patients had an FLR volume of < 30% and 12 had an FLR volume of <25%. Twenty patients had ipsilateral lobar atrophy with hypertrophy of the FLR. As expected, the presence of atrophy/hypertrophy strongly correlated with FLR volume. Of the 21 patients with FLR < 30%, only two had atrophy/hypertrophy 
Biliary drainage
Of the 60 patients who underwent resection, 82% (49/60) underwent preoperative biliary drainage, including 100% (21/21) of patients with a calculated FLR volume of <30% (Figure 1 ). However, there was significant variation in both the method of drainage and its efficacy in decompressing the FLR. Percutaneous transhepatic biliary drainage was performed in 33 of 49 patients (67%). Of the remaining 16 patients, 14 had endoscopic biliary drainage only, one had a segment 3 bypass and another had an operatively placed drainage catheter; the latter two procedures were performed prior to referral. However, despite the high proportion of patients submitting to preoperative biliary drainage, only 63% (31/49) of drains were positioned to decompress the FLR, whereas the remaining 18 patients underwent drainage of the ipsilateral liver (i.e. the hemi-liver that was resected). Most of these patients presented having already undergone a biliary drainage procedure and, although serum bilirubin levels normalized in most patients, review of the post-drainage scans revealed persistently dilated ducts in the remnant liver.
Perioperative results
Several preoperative variables were analysed to determine their relationships to postoperative hepatic insufficiency and death.
Future liver remnant volume, preoperative drainage of the FLR, estimated blood loss and need for packed red blood cell (PRBC) transfusion were strongly associated with postoperative hepatic insufficiency and death on univariate analysis (Table 2) . However, on multivariate analysis, only the FLR volume and need for PRBC transfusion reached statistical significance. Preoperative serum bilirubin level, preoperative albumin level, age and gender were not found to be predictive of perioperative outcome. Likewise, whether a patient underwent any preoperative biliary drainage procedure was not associated with postoperative hepatic insufficiency and death; however, there was some correlation between perioperative outcome and drainage of the FLR (P = 0.08 for postoperative hepatic insufficiency and death on multivariate analysis). A significant correlation between these two variables was highly dependent on whether the FLR was <30%, >30% or = 30% of total liver volume (see below). The impact of PVE on outcome could not be assessed directly as only one patient in this study underwent this procedure.
FLR volume < 30% and biliary drainage of the FLR An FLR < 30% was the post-potent predictor of postoperative hepatic dysfunction and death (P < 0.001). Twenty-one patients had a predicted FLR volume of <30%. Of these 21 patients, nine patients underwent drainage of the FLR and 12 did not. In the latter group, absence of preoperative FLR biliary drainage was strongly associated with postoperative hepatic insufficiency and death (P = 0.009), with four perioperative deaths and five patients FLR volume Ն 30% and biliary drainage of the FLR Thirty-nine patients had an FLR volume Ն 30%. The perioperative outcome in this group was markedly better, with only two perioperative deaths and no cases of hepatic insufficiency ( Figure 1 ). The two deaths occurred in patients who underwent preoperative biliary drainage of the liver remnant, although this association did not reach statistical significance; of the 17 patients with FLR Ն 30% and no biliary drainage, none developed hepatic insufficiency and none died perioperatively. It is of note that the two deaths seen in this cohort, both in patients who underwent preoperative biliary drainage, were caused by portal vein thrombosis and intraoperative hypotension.
Discussion
The practice of preoperative biliary drainage prior to extended liver resection for hilar cholangiocarcinoma is widely variable.
There have been no prospective randomized studies that specifically compare results in patients who have undergone preoperative biliary drainage prior to extended liver resection with results in patients who have not. Several centres have shown good results with the routine utilization of preoperative biliary drainage and PVE. 3, 8 Another group has demonstrated improved outcomes after modifying its management of patients with hilar cholangiocarcinoma to include a strategy of percutaneous biliary drainage instead of endoscopic drainage, preoperative PVE prior to right hepatectomy, routine caudate lobectomy and radical lymphadenectomy. 37 However, the impact of each of these techniques on outcome is unclear. Furthermore, few studies take into account the incremental increase in cost, length of hospital stay and morbidity related to these procedures.
Efforts to identify those patients most likely to benefit from preoperative biliary drainage have been few, with most studies using drainage in all cases. Several studies do not support the routine use of biliary drainage prior to extended liver resection for hilar cholangiocarcinoma. Cherqui et al. conducted a case-control study comparing morbidity and mortality after liver resection in undrained jaundice patients and matched patients without biliary obstruction. 32 This study found no difference in liver failure and mortality after liver resection in jaundiced and non-jaundiced patients. However, it did find that transfusion requirements and morbidity, specifically bile leaks and subphrenic abscesses, were significantly higher in patients with obstructive jaundice. Additionally, a study from MSKCC demonstrated increased infectious complications in patients submitted to biliary drainage. 30 At MSKCC, patients frequently present having already undergone a variety of drainage procedures, often endoscopic, with varying degrees of success in terms of biliary decompression. In many cases, additional procedures are required in order to correct problems related to the initial drainage attempts. By contrast, some patients present without having undergone any prior biliary procedures. Over the time period of the current study, the authors used a policy of selective biliary drainage prior to major hepatectomy and preoperative PVE was not routinely utilized. The primary aim of this study was to determine which patients benefit most from preoperative biliary drainage.
Prior studies have shown that successful drainage of merely 30% of the liver in a patient with obstructive jaundice will normalize bilirubin level. 38, 39 In patients with hilar cholangiocarcinoma, isolation of the right and left biliary systems is common, and it is therefore possible to relieve jaundice by draining only one side of the liver, provided the drain is not placed in an atrophic lobe. Indeed, in the present study, the success rate of biliary drainage in normalizing serum bilirubin was very high. However, despite a normal serum bilirubin level, several patients had drainage of only the ipsilateral liver, with persistent dilatation of the intrahepatic ducts in the FLR, and the lack of a relationship between preoperative serum bilirubin level and perioperative outcome probably reflects this. In the present analysis, the only preoperative variable that independently predicted hepatic insufficiency and death was liver remnant volume; preoperative biliary drainage, in and of itself, was not a significant factor, which again is likely to be related to whether or not the FLR had been decompressed. Indeed, when the data were further analysed, adequate biliary decompression of the FLR (endoscopic, percutaneous or surgical) began to assume some association with perioperative hepatic dysfunction and mortality. The true impact of preoperative biliary drainage emerged only when patients were stratified by FLR volume. In the group with FLR < 30%, the rate of hepatic insufficiency and death was 75% when biliary decompression of the FLR had not been performed, which is in striking contrast to the 0% rate in patients in whom adequate drainage had been achieved. However, a beneficial effect of preoperative biliary drainage was not seen in patients with a calculated FLR Ն 30%. In this cohort, there were no cases of hepatic insufficiency and only two deaths, both of which occurred in patients who underwent drainage of the FLR. These observations would suggest that an adequate FLR, even in the face of persistent biliary obstruction, possesses sufficient hepatic functional reserve to support an extended resection, whereas a marginal FLR requires biliary decompression in order to enhance postoperative function. The strong association between FLR volume and clinical evidence of FLR hypertrophy further reinforces this conclusion. The findings also argue strongly for a selective approach to preoperative biliary drainage.
The role of preoperative PVE was not specifically addressed by this study and, as it was used in only one patient, a potential beneficial impact cannot be determined. However, given the favourable perioperative results observed in patients with an FLR volume Ն 30%, which was also strongly correlated with FLR hypertrophy, preoperative PVE would be likely to offer little improvement in this group. However, patients with an FLR volume of < 30% might well derive some advantage from preoperative PVE, although how much this intervention would add, beyond the observed beneficial impact of biliary drainage alone, remains an open question.
In conclusion, for patients undergoing ipsilateral en bloc hepatic resection for hilar cholangiocarcinoma, an FLR volume of < 30% appears to be a strong indication for preoperative biliary drainage, provided the liver remnant is adequately decompressed. Whether preoperative PVE would further improve perioperative outcome is unknown, although the results of the present study would suggest a limited role. By contrast, patients with an FLR volume Ն 30% appear to derive very little benefit from preoperative biliary drainage. In the latter group, preoperative PVE would likewise seem to offer little in terms of reducing postoperative liver-related morbidity and mortality.
